Background Recurrent pregnancy loss (RPL) had said to be related to the angiotensin converting enzyme insertion/deletion polymorphisms (ACE I/D) gene polymorphisms. But the conclusions were controversial. This meta-analysis was conducted to investigate the real association in ACE I/D polymorphisms and RPL firstly. Methods Combine Pubmed Embase and HuGENet database in data analysis for this meta-analysis from October 2000 to November 2011. The metagen system was used to select the models and effects. Odds ratio (OR) with 95% confidence interval (CI) was used to assess the strength of this association. Results 9 studies from six countries with 1264 RPL and 845 controls were included according to our criterion. Following the metagen system, we used the dominant model with random effects. The summary OR 01.61 (95% CI: 1.10-2.36, I 2 0 59.0%), which suggested the ACE D allele might increase the RPL risk in Asia (OR01.97, 95% CI: 1.31-2.98, I 2 0 44.4%), among Asians (OR01.69, 95% CI: 1.06-2.36, I 2 032.7%). In additional, after conducting sensitivity analysis, the results had no differences except for Caucasian subgroup reached to the significance (OR02.059, 95% CI: 1.455-2.914), so we couldn't ignore the relationship between the polymorphisms of ACE D/I gene and Caucasians yet. There seemed no publication bias in our eligible studies with Begg's test (P 0 0.867). Conclusions Results in this meta-analysis presented the positive function of the ACE I/D polymorphism in increasing the RPL risk. Furfure prospective studies were needed to confirm the precise relationship between the ACE I/D and RPL.
thromboembolism, and other vascular complications, such as pre-eclampsia and abortion, will be improved [1] .
Disease
As is known, women are presented a hypercoagulable state during pregnancy, which may be important in impairing placental flow and foetal growth, but may also predispose patients to develop venous thrombosis at the challenge of delivery.
RPL is defined as two or more consecutive pregnancy losses before 20 weeks gestational age. Up to 5% of women of reproductive age suffer from this, which is actually one of the most common causes of female sterility [9] , and approximately 1% of patients have three or more pregnancy losses [10] . The known aetiologic factors for RPL include parental chromosome abnormalities, endocrinological disorders, hereditary thrombophilia, immunologic factors, male factors, and environmental factors. In addition, the ACE I/D polymorphism has been found to be associated with the disease and the hypofibrinolytic disorders [11, 12] . Although the exact factors for RPL are not confirmed, the inherited predisposition to thrombophilia may be one of the main causes according to some studies [13] [14] [15] [16] [17] .
Recently, a number of genetic polymorphisms have been investigated by meta-analysis for association with RPL, in genes such as the sex hormone receptor gene [18] , the vascular endothelial growth factor (VEGF) gene, the p53 gene, endothelial nitric oxide synthase (eNOS) gene [19] , 1082/interleukin-10 (IL-10) gene [20] , and the MTHFR gene [21] . However, there have been no meta-analyses describing the ACE I/D polymorphism association with RPL. This study aimed to evaluate the influence of ACE I/D polymorphism on RPL with the data from 9 studies published between October 2000 and November 2011.
Materials and methods

Search criteria
The Pubmed, Embase and HuGENet databases were combined in this search, with the key words: 'ACE', 'angiotensin-converting enzyme', 'thrombophilia', 'thrombophilic', 'polymorphism', 'recurrent spontaneous abortion', 'recurrent pregnancy loss', 'foetal loss' and 'recurrent spontaneous miscarriages'. The latest search was performed in March 2012. The languages of articles were restricted to English. All articles in the meta-analysis were published in the primary literature and were not replicated in other studies. The inclusion criteria were as follows: (1) the studies were performed as case-control or cohort studies of the association between the ACE I/D polymorphism and the risk of recurrent pregnancy loss; (2) the samples that each had more than two pregnancy losses, with no essential diseases inducing the losses were directly classified into case group, and healthy patients or those with one or no losses ones were defined as controls; (3) studies contained recurrent pregnancy loss cases and free controls; (4) studies satisfied HardyWeinberg equilibrium. In addition, the studies were restricted it as follows for exclusion criteria: (1) the classifications in studies made it hard to screen cases and controls; (2) studies did not have raw data.
The following data was recorded for each study: author; year of publication; country; continent of the country; number of cases and controls for each ACE I/D and the racial descent of the study population (categorised as Caucasian or Asian) ( Table 1 ).
Statistical analysis
In this meta-analysis, statistics were used to test HardyWeinberg equilibrium (HWE; P>0.05) in the control group [22] . In the stage of selecting the genotypic models, the metagen system was used [23] , which showed that the dominant model (D/D + D/I versus I/I) would be the appropriate one to describe the relationship between the ACE I/D polymorphism and RPL when the statistical heterogeneity across studies was observed. The odds ratio (OR) with a corresponding 95% confidence interval (CI) was used to reveal the effect of the association. Based on the individual ORs, the pooled OR was estimated. Using this calculation, the I 2 would show the criterion to select the fixed effects and the random effects: the fixed effect would be used when I 2 <50%, otherwise random effects would be reserved. In addition, when the results of the constituent studies differed among themselves, the effects incorporated an estimate of the inter-study variance and provided wider 95% confidence intervals (95% CI). At the same time, the I 2 based Q statistic was used, which described the weighted sum of the squared difference between the overall effect size and the effect size from each study, in order to assess heterogeneity (P<0.10 as the standard) [24] . In order to define the resources of heterogeneity, subgroup analysis was performed. The subgroups were collected together with similar characteristics, such as country, continent and ethnicity. There were seven countries in total: Italy, India, USA, Gaza Strip, Iran, China and Turkey, which were categorised into three continents: Europe, Asia, and North America. With regards to ethnic subgroups, there were two groups: Caucasian and Asian.
After the above procedures were completed, the susceptibility analysis was carried out to estimate the function of every heterogeneity study, and to extract the most heterogeneous study to recalculate the pooled OR, in order to evaluate the effect of the article to the results in total. Using Begg's unweighted regression test, publication bias was diagnosed both visually by using a funnel plot and statistically. All of the allele frequencies were calculated for studies reporting only genotype data. The analyses were conducted using Stata 9.0 (Stata Corporation, USA), and all P values were two-tailed.
Results
Characteristics
After searching the PubMed, Embase and HuGENet database with the associated key words, there were 244 articles about the ACE gene polymorphism. 15 relevant studies were identified that described the association between the ACE I/D polymorphism and RPL. While reading the full texts, the following articles were removed: two studies did not meet Hardy-Weinberg equilibrium (P 0 0.0003 and P 0 0.0217, respectively) [25, 26] ; one study could not extract the allele data (ACE I/D in RPL) from its groups [27] ; one study was not only focused on RPL, but also on pre-eclampsia and foetal growth restriction which made it hard to get the data required [28] ; and the other two studies included the data of case and control groups, but little information about the ACE I/D polymorphism [16, 29] . Finally, there were 9 studies meeting the inclusion criteria that were included [11, [30] [31] [32] [33] [34] [35] [36] [37] . Among the collected studies, five investigated Caucasian populations [11, 30, 31, 34, 37] , and the others investigated Asian patients [33, 34, 36, 37] . They were located in Italy, China, USA, Gaza Strip, Iran and Turkey. The case groups were defined as experiencing at least two unexplained consecutive spontaneous miscarriages without other factors influencing the miscarriages directly. The case populations had no history of chronic infections, thromboses, autoimmune diseases, endocrinologic disorders, a After the sensitive analysis, remove the article of heterogeneity. [30] or congenital anomalies [11, [30] [31] [32] [33] [34] [35] [36] [37] . All of the cases came from the hospital, and the controls were limited to patients having delivered at least one healthy, term infant with no history of pregnancy loss or healthy volunteers.
Subgroup analyses and study quality
After analyzing samples using the metagen system, the dominant model was chosen with random effects. The summary OR 0 1.61 (95% CI: 1.10-2.36, I 2 0 59.0%). When calculating the entire data grouping by continent, via random effects, the D allele of the ACE I/D polymorphism was shown to be the risk factor for the group from Asia, in comparison to other continents (Asia: OR 0 1.97, 95% CI: (Fig. 1) .
Because of the I 2 > 50% there seems to be high heterogeneity. So we conduct the sensitivity analysis which can reveal the studies influencing the heterogeneity of results tremendously. After the sensitive analysis, we remove the article with high heterogeneity. [30] . surprisingly, the value of I 2 dropped to 45.3%, so the fixed effects were used. In addition, there were no differences, except for the Caucasian subgroup, that reached significance (OR02.059, 95% CI: 1.455-2.914) (Fig. 2) . This suggested that the D allele might be a protective factor not only in Asians but also among Caucasians.
Publication bias
For the assessment of publication bias, the inverted funnel plot was assessed and shown to be symmetrical by analysis using the Begg's test (P 0 0.867). Above all, the association between the ACE I/D polymorphism and RPL is revealed in Table 2 .
Discussion
Description
As with thrombophilia genes, the ACE gene does not only reduce brinolysis and restrict bleeding during pregnancy, but also increases the risk for other vascular complications, such as pre-eclampsia and abortion. Recently, however, some studies have reported an association between RPL and the ACE I/D polymorphism, with incompatible results, but there is no meta-analysis describing the association between the ACE I/D polymorphism and RPL. In addition, with the large amount of samples in the similar studies investigating the association between RPL and the ACE I/D polymorphism, the conclusion of this meta-analysis will be more powerful. This meta-analysis is based on 9 studies containing 1264 cases and 845 controls. The major finding of this study demonstrates that the D allele of the ACE I/D polymorphism is likely to be a major risk factor for susceptibility to RPL among gravidas especially in Asia and Asian populations.
Subgroups results and sensitivity analysis
In the special continent subgroup, in Asia, the summary OR was 1.97 (95% CI: 1.31-2.98, I
2 0 44.4%), and in the race subgroup, the D allele was also a risk factor in Asians (OR01.69, 95% CI: 1.06-2.36), but showed no association in other subgroups. This suggests a possible role for ethnic differences as a result of genetic backgrounds and the environment. The same results were proposed by Shufang Zhang et al. [36] and Ozturk Ozdemir et al. [37] in their recent work, even though the incompatible viewpoints were revealed by other studies [32, 33, 35] . In addition, because the frequency of allele could affect the results of genetic association studies, the genetic background of RPL was evaluated. The frequency of the D allele in the positive studies was 18.9%, while the higher ratio was shown in other studies of Asian populations (71.0%, 59.5% and 51.6% respectively). The same results were shown for Caucasian populations (Table 3) . Significantly, the frequency of the D allele, which was suggested as the potential risk allele, had a lower frequency in the controls than among the cases.
A sensitivity analysis was also performed, after excluding the studies influenced the by results the most [30] . The overall I 2 dropped to 45.3% by analyzing fixed effects. The results reveal substantial changes: in the race analysis, the Caucasian subgroup was also shown to have a relationship with the RPL (OR 0 2.06, 95% CI: 1.46-2.91). Comparing the five articles about Caucasians, no prominent differences were found among them. We infer the reason may be the gene differences in the Germany comparing to other countries.
Limitations
Although powerful studies and tests have been identified in the meta-analysis, which indicates the potential association of the risk of RPL and the ACE I/D polymorphism, there are still some limitations of the eligible studies.
(1) For the cases and controls, the studies have some differences from each other. Even though the studies have similar inclusion criteria, there are also some differences such as cases lacking some factors which could induce RPL directly, but these factors are not exactly the same. Moreover, with regards to the resources of the samples, some controls came from the hospitals, others were healthy and the other studies included the mixed groups. In addition, the definitions of the maternal ages in every study have some potential differences. However, it is said that maternal age is one of the factors that can enhance the effect of genetic polymorphisms [18] . Therefore, the factors mentioned above might lead to the selection bias, which was a possible major source of heterogeneity resulting from non-systemic samples, creating some deviation. (2) Only studies published in English from the three selected databases were included for the data analysis. Therefore, some potential studies which were included in other databases, those published in other languages or unpublished studies could be missed. As a result, data in the selected articles could not be extracted, which could lead to the data deletion. (3) In this meta-analysis, the I 2 seems to be high, as does the pooled P value, which can lead to result bias. In addition, only focusing on the relationship between the genetic polymorphism and the function of the environment is also a source of limitation.
Conclusions
RPL is a serious disease influencing the reproduction of humans. To forecast it by detecting ACE I/D polymorphisms may be a new way to decrease the incidences. Based on the studies available, this meta-analysis demonstrated that the ACE I/D polymorphisms is associated with RPL susceptibility, especially the number of D allele, which is the main risk factor for RPL in Asia and Asian populations, as well as in Caucasians.
